OBJECTIVE -To assess, in an older population, the prevalence of diagnosed and undiagnosed diabetes, the number needed to screen (NNTS) to identify one individual with undiagnosed diabetes, and factors associated with undiagnosed diabetes. RESULTS -The prevalence of diagnosed and undiagnosed diabetes was 15.6 and 8.0%, respectively, among all participants (NNTS 10.6), 13.9 and 9.1% among white men (NNTS 9.5), 7.8 and 7.4% among white women (NNTS 12.4), 22.7 and 9.1% among black men (NNTS 8.5), and 21.6 and 6.2% among black women (NNTS 12.6). In multivariate analyses, compared with individuals without diabetes, individuals with undiagnosed diabetes were more likely to be men and were more likely to have a history of hypertension, higher BMI, and larger waist circumference. NNTS was lowest in men (9.1), individuals with hypertension (8.7), individuals in the highest BMI quartile (6.9), and individuals in the largest waist circumference quartile (6.8).
D
iabetes and its complications are significant causes of morbidity and mortality in the U.S. (1, 2) . Although the prevalence of hypertension (3), hypercholesterolemia (4) , and incidence of and mortality from heart disease (5,6) and stroke (7) are markedly declining, the prevalence of diabetes remains high and is expected to increase further, especially in the older population (8) . According to the Third National Health and Nutrition Examination Survey, 1988 -1994 (NHANES III), the prevalence of physician-diagnosed and undiagnosed diabetes (based on the 1985 World Health Organization [WHO] criteria) in people aged 60 -74 years is 12.6 and 10.8%, respectively (9) , resulting in a total prevalence of 23.4%.
Many individuals with diabetes remain unidentified, untreated, and at risk for complications. Since the American Diabetes Association (ADA) introduced new diagnostic criteria for type 2 diabetes (10), the exclusive use of fasting glucose to define glucose tolerance has been debated. It has been suggested that by applying the new diagnostic criteria, diabetes may remain undiagnosed in even more individuals (11) . Undiagnosed diabetes may have substantial public health implications (12) (13) (14) (15) , but little is known about the risk factors for undiagnosed diabetes. The objectives of this study were to determine the prevalence of undiagnosed diabetes in a large population of older adults, the number needed to screen to identify one undiagnosed person, and the characteristics of the individuals that might be most effectively targeted with screening programs. and incident functional limitation. The study population consists of 3,075 individuals aged 70 -79 years, 42% of whom are black and 48% of whom are men. Participants were identified from the Medicare-eligible population residing in the Memphis, Tennessee and Pittsburgh, Pennsylvania area. To be eligible, participants had to report no difficulty in walking for 0.25 mile (400 m), walking up 10 steps, getting in and out of bed or chairs, bathing or showering, dressing, or eating and must report no need of using a cane, walker, crutches, or other special equipment to get around. All procedures related to Health ABC received Institutional Review Board approval from the participating institutions.
Measures
The baseline home visit questionnaire, administered between April 1997 and May 1998, assessed demographic and socioeconomic characteristics, health behaviors, and health status, including medical history. The subsequent baseline clinic visit, conducted within 2 weeks of the interview, included a fasting glucose measurement and a 75-g oral glucose tolerance test (OGTT) performed after an 8-h overnight fast. Diabetic status was defined by selfreported response to the question "Has a doctor ever told you that you have diabetes or sugar diabetes?" (excluding diabetes that only occurred during pregnancy). If so, participants were asked if they currently used insulin or hypoglycemic agents. Except for those who reported taking insulin or oral hypoglycemic agents, participants underwent an OGTT. Participants who did not report prior diagnosis of diabetes were classified according to the 1985 WHO criteria: fasting glucose concentration Ն7.8 mmol/l (Ն140 mg/dl) or a 2-h glucose concentration of Ն11.1 mmol/l (Ն200 mg/dl). For additional analyses, participants who did not report prior diagnosis of diabetes were also classified according to the 1997 ADA criteria: fasting glucose concentration Ն7.0 mmol/l (Ն126 mg/dl). Participants were classified as undiagnosed if they reported no prior diagnosis of diabetes but met the WHO or ADA criteria for diabetes.
We used both WHO criteria and 1997 ADA criteria because at the time of most baseline interviews, the ADA criteria were just being disseminated. To compare our results with older and current reports, we applied both WHO and ADA criteria in analyses. For both classifications, we included only participants who had both fasting and 2-h glucose measurements. Of the 3,075 participants in Health ABC, 125 were missing either fasting glucose or the OGTT and were excluded from this analysis, leaving an analysis sample of 2,950 participants (95.9% of the cohort).
The demographic and socioeconomic characteristics assessed included participants' self-reported age, sex, race, years of education, and annual family income. Health behavior included self-reported current and past smoking and alcohol use in the past 12 months. Health service use involved measures of having a usual source of care ("Do you have a doctor or place that you usually go to for health care or advice about your health care?"), having a health insurance plan in addition to Medicare, and hospitalization in the year before the baseline interview.
Health conditions were assessed based on self-reported history of cancer, hypertension, and cardiovascular disease (myocardial infarction, angina pectoris, congestive heart failure, intermittent claudication, transient ischemic attack, stroke, and rheumatic heart disease) or any medical procedure in heart, neck, or blood vessels, such as an angioplasty or bypass surgery. Height (mm) was measured twice by a Harpenden stadiometer (Holtain, Crosswell, U.K.) and weight was measured by a standard balance-beam scale to the nearest 0.1 kg. Using the mean of the two height measurements, BMI (kg/ m 2 ) was calculated as weight divided by the square of height. Waist circumference was measured in centimeters.
For the analyses of each potential predictor, we excluded participants who had missing information on that particular variable. Except for annual family income (410 participants [14%] were missing this information), 0 -20 participants (Ͻ1%) were missing information for all variables.
Analyses
Statistical analyses were performed using the SPSS version 8.0 for Windows software package (SPSS, Chicago, IL) (16) . Analysis of variance for multiple dependent variables by one or more factor variables was used to assess differences in fasting glucose and HbA 1c between diagnosed and undiagnosed diabetic participants. A 2 test was used to assess differences in prevalence of diabetes between different race and sex groups. Logistic regression analysis was used to assess associations between potential predictors and (un)diagnosed diabetes (versus no diabetes), after adjusting for age, sex, and race. Risk factors for diagnosed diabetes are presented so that direct comparison with risk factors for undiagnosed diabetes is possible. To calculate the number needed to screen (NNTS) to identify one individual with undiagnosed diabetes in each individual subgroup, the number of undiagnosed plus nondiabetic subjects was divided by the number of undiagnosed diabetic subjects.
RESULTS -The prevalence of diabetes, using the 1980 -1985 WHO criteria, was highest in black men (31.8%) compared with white men and women (P Ͻ 0.001 versus white men and women) (Table 1). White women had the lowest prevalence of diabetes (15.3%; P Ͻ 0.001 versus other subgroups), which was almost half the prevalence in black women (27.8%). The prevalence of undiagnosed diabetes was not significantly different in white women (7.4%) compared with black women (6.2%). The prevalence of undiagnosed diabetes was similar among white and black men (9.1%). Additional analyses, using the fasting 1997 ADA criteria, revealed that the total prevalence of diabetes was 4 -6% lower than the 1985 WHO criteria (Table 1 ). The prevalence of undiagnosed diabetes was again higher in men (white men 5.1%, black men 5.3%) than in women (white women 1.5%, black women 2.8%).
The association of age, race, sex, and site with diagnosed and undiagnosed diabetes (according to the 1985 WHO criteria) compared with no diabetes was assessed in a multivariate logistic regression model. Compared with women, men had a higher risk of both diagnosed and undiagnosed diabetes. Black race was strongly and significantly associated with a higher risk of diagnosed diabetes, independent of age and sex (Table 2) . Race was not significantly associated with undiagnosed diabetes.
In subsequent multivariate logistic regression analyses adjusted for age, race, and sex, the risk of having diagnosed diabetes decreased with increasing years of education, increasing income levels, and increasing use of alcohol (Table 3 ). The risk of having diagnosed diabetes was positively associated with access to a doctor for health care, hospitalization during the last year, history of hypertension, history of cardiovascular disease, and increasing quartiles of BMI and waist circumference. The risk of having undiagnosed diabetes was positively associated with a history of hypertension and increasing BMI and waist circumference quartiles. In a multivariate model including age, race, sex, history of hypertension, BMI, and circumference, only male sex (odds ratio 1.4, 95% CI 1.1-1.9) and history of hypertension (1.5, 1.1-2.0) were significantly associated with undiagnosed diabetes.
The results were virtually unchanged when the same multivariate logistic regression analyses were performed using the 1997 ADA fasting glucose criteria (data not shown). Applying these criteria, men were at even higher risk for having undiagnosed diabetes (odds ratio 2.8, 95% CI 1.8 -4.3) than women. In addition, using the 1985 WHO fasting criteria (fasting glucose Ն7.8 mmol/l) without using the OGTT, the same risk factors for undiagnosed diabetes were again identified. The prevalence of diabetes was 17.5%.
Comparing race and sex groups, the NNTS to identify one person with undiagnosed diabetes was lowest in black men (8.5) and significantly lower than the NNTS in black women (12.6; P ϭ 0.02) and white women (12.4; P ϭ 0.03) ( Table  1) . Furthermore, small NNTS were found among people with a history of hypertension (8.7) and those in the highest quartiles of BMI (6.9) or waist circumference (6.8). Consequently, combinations of these risk factors result in lower NNTS (Fig. 1) . Because the prevalence of undiagnosed diabetes was 4 -6% lower using the 1997 ADA criteria, the calculated NNTS was significantly higher in all subgroups (Table 1) .
CONCLUSIONS -T h e p r e s e n t study shows that diabetes remains undiagnosed in approximately one-third of all older individuals. In this study of healthier older adults, men, individuals with a history of hypertension, and individuals with high BMI and large waist circumference were at highest risk of having undiagnosed diabetes. Screening for diabetes may be more efficient among these subgroups, especially among individuals with combinations of these risk factors, in which the NNTS to identify one undiagnosed diabetic was lowest.
The prevalence of diabetes in this study was similar to estimates reported in NHANES III (9) . Overall, American minorities were more frequently affected by diabetes, but the racial difference declined in older age groups. Indeed, 22.7% of white men, 22.1% of white women, 26.5% of black men, and 31.7% of black women aged 60 -74 years were diabetic in NHANES III, using WHO criteria. The percentage of undiagnosed diabetes in this older population was 11.8% in white men, 10.4% in white women, 9.7% in black men, and 7.8% in black women. The higher prevalence of diabetes found when applying WHO compared with the fasting glucose ADA criteria may be explained by the higher sensitivity of the glucose tolerance test in older individuals (11), particularly in women, who tend to have higher post challenge glucose levels than men (17) . Furthermore, American men generally have higher fasting glucose levels than women (9). Higher post challenge glucose levels in combination with lower fasting glucose levels could also explain our finding that women, compared with men, were at significantly lower risk for undiagnosed diabetes when we used the ADA or WHO fasting criteria. Longitudinal studies showed that the new fasting ADA criteria were less predictive than the WHO criteria for the burden of cardiovascular disease (1) and mortality (2) associated with abnormal glucose, especially in the elderly. Therefore, a screening program based only on fasting glucose would miss a large proportion of older people with important metabolic disorders.
In contrast with NHANES III (9), we did not find an association between age and the risk of undiagnosed or diagnosed diabetes, probably because of the narrow age range (70 -79 years) in our study. The higher risk of undiagnosed diabetes in individuals with hypertension, high BMI, and large waist circumference probably point to the common ground of diabetes and cardiovascular disease (18) and confirms the importance of monitoring glucose levels in people with cardiovascular risk factors.
In subgroups with a low risk of diagnosed diabetes, such as whites, those with higher income, and more years of education, the risk of having undiagnosed diabetes was not significantly lower compared with blacks, individuals with lower income, and individuals with fewer years of education. These subgroups may be characterized by "milder" types of diabetes and may have a higher probability of remaining undiagnosed. The severity of diabetes, as measured by mean fasting glucose and HbA 1c , was less in individuals undiagnosed according to the WHO criteria (125 mg/dl and 6.9%, respectively) compared with individuals with diagnosed diabetes (155 mg/dl and 8.0%, respectively; P Ͻ 0.001 when comparing both groups). These people are probably less likely to develop complications compared with those with higher glucose levels who are aware of their condition. Another explanation could be that certain subgroups are considered to be at low risk of diabetes and, therefore, are less frequently evaluated. Analyses of NHANES II (1976 -1980) showed that screening rates increased with increasing number of risk factors for diabetes, but even among those with three risk factors, only 38.6% reported to be evaluated in the year before the study (19) . Longitudinal costeffectiveness analyses are necessary to fully assess the benefits of early detection and treatment in different subgroups (20) .
The fact that the risk of undiagnosed diabetes was similar in black and white individuals could also suggest that the message about increased risk of diabetes is reaching some parts of the black community (at least this cohort) and their health care providers. However, we do not know from our data whether those with diagnosed diabetes are getting adequate treatment. In addition, our sample may not be representative of black people in general.
Several limitations of our study must be acknowledged. First, the crosssectional study design makes it difficult to draw inferences about causal pathways. Second, fasting glucose and 2-h glucose were only measured once. Because the diagnostic criteria of WHO and ADA both require two independent fasting samples to diagnose diabetes, this could lead to misclassification of some individuals.
However, it is unlikely that this would have changed the set of predictors of undiagnosed diabetes that we identified, because they were virtually the same when using WHO, ADA, or WHO-exclusive fasting criteria. Third, because 14% of the participants were missing information on annual family income, we must be careful with the interpretation of income as a risk factor for (un)diagnosed diabetes. Last, this study population represents the wellfunctioning fraction of the older population, in an equally balanced racial design that may not be a representative sample of the overall U.S. population aged 70 -79 years. The selection of relatively healthier people might have resulted in a lower prevalence of diabetes. Unlike NHANES, Health ABC was not intended to reflect the Medicare population of the U.S., and extrapolation of our findings to all elderly individuals in the U.S. should be done with caution.
Public health implications
Our findings have potentially relevant public health implications. It is estimated that there will be a 42% increase in prevalence of diabetes among adults in developed countries by the year 2025; the U.S. will be one of the three countries with the largest number of people with the disease (8) . In the future, this increase could offset the benefits of better control of hypertension, hypercholesterolemia, and reduction of smoking on the risk of cardiovascular disease in the community, especially if one-third of the individuals with the disease remain undiagnosed. In the clinical recommendations of 2001, the ADA states that, based on the current lack of scientific evidence, community screening for diabetes, even in high-risk populations, is not recommended. Nevertheless, there is sufficient indirect evidence to justify opportunistic screening in a clinical setting of individuals at high risk (21) . The NNTS found in our study suggests that screening for diabetes may be more efficient among men and individuals with hypertension, high BMI, and large waist circumference.
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